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ZEOLITE-CONTAINING CEMENT 
COMPOSITION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a divisional of prior application Ser. 
No. 10/686,098 ?led Oct. 15, 2003, (noW U.S. Pat. No. 
6,964,302, issued Nov. 15, 2005), the entire disclosure of 
Which is incorporated herein by reference, Which is a con 
tinuation-in-part of prior application application Ser. No. 
10/623,443, ?led Jul. 18, 2003, the entire disclosure of 
Which is incorporated herein by reference, Which is a con 
tinuation-in-part of prior application Ser. No. 10/315,415, 
?led Dec. 10, 2002, (noW U.S. Pat. No. 6,989,057, issued 
Jan. 24, 2006), the entire disclosure of Which is incorporated 
herein by reference. 

BACKGROUND 

The present embodiment relates generally to methods and 
cement compositions for sealing a subterranean Zone pen 
etrated by a Wellbore. 

In the drilling and completion of an oil or gas Well, a 
cement composition is often introduced in the Wellbore for 
cementing pipe string or casing. When the desired drilling 
depth of the Well is reached, a cement composition is 
pumped into the annular space betWeen the Walls of the 
Wellbore and the casing. In this process, knoWn as “primary 
cementing”, the cement composition sets in the annular 
space, supporting and positioning the casing, and forming a 
substantially impermeable barrier, or cement sheath, Which 
isolates the Wellbore from subterranean Zones. It is under 
stood that the performance of the cement composition is 
important to achieving and maintaining Zonal isolation. 
Throughout the life of a Well, especially if Zonal isolation is 
comprised, secondary cementing operations, such as reme 
dial cementing and repairs to existing cemented areas, Will 
be performed on the Well. 

DESCRIPTION 

A method of sealing a subterranean Zone penetrated by a 
Wellbore according to the present embodiments comprises 
preparing a cement mix comprising a base blend comprising 
Zeolite and at least one cementitious material, mixing the 
cement mix With Water to form a cement composition, 
placing the cement composition into the subterranean Zone, 
and alloWing the cement composition to set therein. A 
cement composition for sealing a subterranean Zone pen 
etrated by a Wellbore according to the present embodiments 
comprises Zeolite, at least one cementitious material, and a 
mixing ?uid. In a preferred method of sealing a subterranean 
Zone penetrated by a Wellbore, a cement composition com 
prising Zeolite, cementitious material, and Water is prepared, 
placed into the subterranean Zone, and alloWed to set therein. 
A variety of cementitious materials can be used With the 

present embodiments, including but not limited to hydraulic 
cements. Hydraulic cements set and harden by reaction With 
Water, and are typically comprised of calcium, aluminum, 
silicon, oxygen, and/or sulfur. Hydraulic cements include 
Portland cements, poZZolan cements, gypsum cements, alu 
minous cements, silica cements, and alkaline cements. 
According to preferred embodiments, the cementitious 
material comprises at least one API Portland cement. As 
used herein, the term API Portland cement means any 
cements of the type de?ned and described in API Speci? 
cation 10, 5th Edition, Jul. 1, 1990, of the American Petro 
leum Institute (the entire disclosure of Which is hereby 
incorporated as if reproduced in its entirety), Which includes 
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2 
Classes A, B, C, G, and H. According to certain embodi 
ments disclosed herein, the cementitious material comprises 
any of Classes A, C, G and H cement. The preferred amount 
of cementitious material is understandably dependent on the 
cementing operation. 

Zeolites are porous alumino-silicate minerals that may be 
either a natural or manmade material. Manmade Zeolites are 
based on the same type of structural cell as natural Zeolites 
and are composed of aluminosilicate hydrates having the 
same basic formula as given beloW. It is understood that as 
used in this application, the term “Zeolite” means and 
encompasses all natural and manmade forms of Zeolites. All 
Zeolites are composed of a three-dimensional framework of 
SiO4 and A104 in a tetrahedron, Which creates a very high 
surface area. Cations and Water molecules are entrained into 
the framework. Thus, all Zeolites may be represented by the 
crystallographic unit cell formula: 

Where M represents one or more cations such as Na, K, Mg, 
Ca, Sr, Li or Ba for natural Zeolites and NH4, CH3NH3, 
(CH3)3NH, (CH3)4N, Ga, Ge and P for manmade Zeolites; n 
represents the cation valence; the ratio of b:a is in a range of 
from greater than or equal to 1 to less than or equal to 5; and 
x represents the moles of Water entrained into the Zeolite 
frameWork. 

Preferred Zeolites for use in the cement compositions of 
the present embodiments include analcime (hydrated 
sodium aluminum silicate), bikitaite (lithium aluminum sili 
cate), breWsterite (hydrated strontium barium calcium alu 
minum silicate), chabaZite (hydrated calcium aluminum 
silicate), clinoptilolite (hydrated sodium aluminum silicate), 
faujasite (hydrated sodium potassium calcium magnesium 
aluminum silicate), harmotome (hydrated barium aluminum 
silicate), heulandite (hydrated sodium calcium aluminum 
silicate), laumontite (hydrated calcium aluminum silicate), 
mesolite (hydrated sodium calcium aluminum silicate), 
natrolite (hydrated sodium aluminum silicate), paulingite 
(hydrated potassium sodium calcium barium aluminum sili 
cate), phillipsite (hydrated potassium sodium calcium alu 
minum silicate), scolecite (hydrated calcium aluminum sili 
cate), stellerite (hydrated calcium aluminum silicate), 
stilbite (hydrated sodium calcium aluminum silicate) and 
thomsonite (hydrated sodium calcium aluminum silicate). 
Most preferably, the Zeolite for use in the cement compo 
sitions of the present invention comprises one of chabaZite 
and clinoptilolite. 
As shoWn in the folloWing examples, Zeolites provide 

enhanced properties in a number of embodiments of cement 
compositions. For example, according to some embodi 
ments, cement compositions comprising Zeolite exhibit an 
increase in early compressive strength development at loW 
temperatures. In other embodiments, cement compositions 
comprising Zeolite exhibit thixotropic properties Which can 
be of bene?t in such applications as gas migration control, 
lost circulation and squeeze cementing. According to still 
other embodiments, cement compositions comprising Zeo 
lite have ?uid loss control qualities that enable maintenance 
of a consistent ?uid volume Within the cement composition, 
and prevent formation fracture (lost circulation) or ?ash set 
(dehydration) . 

In one embodiment, a cement mix comprises Zeolite 
mixed With a base blend comprising 100% by Weight 
cementitious material. In another embodiment, a cement mix 
comprises a base blend comprising Zeolite in an amount of 
from about 5 to about 75 Weight percent. In another embodi 
ment, a cement mix comprises a base blend comprising 
Zeolite in an amount of from about 30 to about 90 Weight 
percent, and more preferably in an amount of from about 50 
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to about 75 Weight percent. The preferred amount of zeolite 
is understandably dependent on the application for the 
cement composition. Exemplary applications are discussed 
further in the Examples herein. 

Without limiting the scope of the invention, it is under 
stood that the above-described cement compositions com 
prising zeolite have various applications, including but not 
limited to (1) lightWeight cements; (2) normal Weight 
cements; (3) densi?ed cements; (4) squeeze cements; and (5) 
foamed cements. While there are no standard values With 
respect to the densities of the foregoing compositions, the 
term lightWeight cement is understood by those of skill in 
the art to describe a cement composition having a density of 
less than about 15 lb/ gal, the term normal Weight cement is 
understood by those of skill in the art to describe a cement 
composition having a density of greater than about 15 lb/ gal, 
but less than about 16 lb/ gal, the term densi?ed cement is 
understood by those of skill in the art to describe a cement 
composition having a density greater than about 16 lb/gal, 
and squeeze cements are understood by those of skill in the 
art to be cements of any density from densi?ed to light 
Weight, depending on the application. For the purpose of the 
present disclosure, the terms “lightweight”, “normal”, “den 
si?ed”, and “squeeze” shall have the foregoing meanings as 
Would be understood by one of ordinary skill in the art. 

According to some embodiments, the cement mix com 
prises a base blend comprising zeolite and at least one 
cementitious material. According to other embodiments, the 
cement mix comprises zeolite mixed With a base blend 
comprising 100% by Weight of at least one cementitious 
material. A variety of additives may be added into either of 
the above-described embodiments (i.e., a cement mix com 
prising a base blend comprising zeolite, or a cement mix 
comprising a base blend comprising 100% cementitious 
material.) When present, the additives comprise components 
of the cement mix in addition to the base blend. 

Additives alter physical properties of cement composi 
tions. Such additives may include density modifying mate 
rials (e.g., silica ?our, sodium silicate, micro?ne sand, iron 
oxides and manganese oxides), dispersing agents, set retard 
ing agents, set accelerating agents, ?uid loss control agents, 
strength retrogression control agents, and viscosifying 
agents, all of Which are Well knoWn to those of ordinary skill 
in the art. 

For example, according to one embodiment, conventional 
accelerating additives such as sodium chloride, sodium 
sulfate, sodium aluminate, sodium carbonate, calcium sul 
fate, calcium carbonate, aluminum sulfate, potassium sul 
fate, potassium carbonate and alums, any of Which can be 
used alone or in combination With other accelerating addi 
tives, are added to the cement mixes from Which cement 
compositions are formed to further increase early compres 
sive strength development. The accelerating additives are 
present in a total amount of about 0.5% to about 12% based 
on the total Weight of the base blend comprising the cement 
mix, and more preferably, in a total amount of about 3% to 
about 9% based on the total Weight of the base blend 
comprising the cement mix. 

According to other embodiments, ?uid loss control addi 
tives comprising anionic or non-ionic Water based soluble 
polymers are added to a cement mix containing zeolite to 
provide effective ?uid loss control for cement compositions 
formed from such cement mixes. According to these 
embodiments, the anionic or non-ionic Water based soluble 
polymers may or may not be hydrophobically modi?ed. 

According to other embodiments, zeolite is used as a 
suspending aid, thixotropic agent, particle packing agent, 
strength retrogression prevention agent, strength enhancer, 
foamed cement-stability agent, a loW temperature accelera 
tor, a ?oW enhancing agent, a lightWeight material and a 
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4 
friction reducer. For example, according to one such 
embodiment, a cement mix is formed by dry-mixing zeolite 
With cementitious material to form a base blend Where the 
zeolite functions as a ?oW enhancing agent. According to 
this embodiment, the base blend comprises from about 1 to 
about 35 Weight percent zeolite. Furthermore, conventional 
?oW enhancing agents may be adsorbed on the zeolite to 
further enhance ?oW properties. Conventional ?oW enhanc 
ing agents are polar molecules knoWn to those of ordinary 
skill in the art, and include but are not limited to organic 
acids, their salts, and acid anhydrides. A preferred conven 
tional ?oW enhancing agent is acetic acid. 

According to yet another embodiment, a lightWeight 
cement composition is formed from a cement mix compris 
ing a base blend comprising at least one cementitious 
material and zeolite, Where the zeolite is present in an 
amount of about 35 to about 50 Weight percent. The cement 
mix can then be added to a mixing ?uid to form a lightWeight 
cement composition. Conventionally, lightWeight cement 
compositions are made by adding lightWeight materials such 
as holloW microspheres, perlite and gilsonite to the cement 
mix for a given cement composition. These lightWeight 
materials are dry blended With the cement mix, transported 
to a location, and mixed With Water to form a cement 
composition. During blending and transportation, the light 
Weight materials tend to segregate from the rest of the 
cement mix due to their size and speci?c gravity differences 
With respect to the rest of the cement mix. In addition, 
depending on the density of the cement compositions 
formed from a cement mix, a high volume of the lightWeight 
material may be present, Which can cause additional segre 
gation. The high volume also requires more mix Water to 
form a slurry from the cement mix, Which results in a 
reduction of the compressive strength obtained for the set 
cement resulting from the slurry. Using zeolites to form the 
base blend of a cement mix results in a reduction in 
segregation, a reduction in the amount of Water required to 
form a slurry, and a lightWeight cement composition With 
good compressive strength. In addition, a range of light 
Weight cement compositions can be produced from a single 
cement mix comprising zeolite by merely changing the 
amount of mixing ?uid added to an amount of the cement 
mix to form a cement composition. 

According to yet another embodiment, a cement mix is 
formed from a base blend comprising micro-?ne zeolites. As 
used herein, micro-?ne zeolites are zeolites With a mean 
particle size of about 10.00 microns or less. Cement com 
positions formed from cement mixes comprising such 
micro-?ne zeolites possess early compressive strength 
development, provide good suspension (also referred to as 
“anti-settling”) properties and are stable When formed as 
lightWeight cement compositions. Cement compositions 
comprising micro-?ne zeolites are useful in all cement 
applications, and are particularly useful in secondary 
cementing applications, for example, repairing microannuli, 
voids, and channels in the cement sheath. 

According to yet another embodiment, a cement mix is 
formed comprising a base blend comprising zeolite, Where 
the zeolite is incorporated into the base blend of the cement 
mix to act as a dispersant. According to this embodiment, 
When a zeolite is incorporated into the base blend of a 
cement mix, the zeolite reduces the apparent viscosity of 
cement compositions subsequently formed from the cement 
mix. Moreover, conventional dispersants such as sulfonated 
polymers including napathalene sulfonate, melamine sul 
fonate, styrene sulfonate, phenol sulfonate and ketone sul 
fonate can also be used in zeolite-containing cement mixes 
to reduce apparent viscosity. Furthermore, such conven 
tional dispersants may be added to control ?uid loss. An 
example of such conventional dispersant is sulfonated 
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ketone acyclic aldehyde condensate available from Halli 
burton Energy Services, Duncan, Okla. When used, such 
conventional dispersants are generally present in a range 
from about 0.01% to about 2% by Weight of the base blend 
of a cement mix. 

According to yet another embodiment, Zeolites are incor 
porated into a cement composition as an aqueous suspen 
sion, referred to herein as “aqueous Zeolite suspensions” 
rather than as dry materials in a dry-mixed base blend. 
According to yet another embodiment, stable liquid addi 
tives comprising aqueous Zeolite suspensions are prepared. 
Preferably, the aqueous Zeolite suspension comprises from 
about 40 to about 60 Weight percent Zeolite. According to 
one embodiment, the Zeolite used to prepare the aqueous 
suspensions comprises chabaZite. 

According to embodiments Where the Zeolite is provided 
as an aqueous suspension, the aqueous Zeolite suspension 
enhances rheological and compressive strength properties 
similar to the enhancement that occurs When Zeolite is 
dry-mixed into a base blend as described for other embodi 
ments disclosed herein. Moreover, aqueous Zeolite suspen 
sions provide certain convenience, logistical and economic 
bene?ts compared to dry-blended Zeolite compositions, 
making such aqueous Zeolite suspensions preferable for 
some cementing applications. 

According to yet another embodiment, aqueous Zeolite 
suspensions may be used as a carrier for lightWeight mate 
rials, such as holloW microspheres, gilsonite and perlite. 
Such lightWeight materials typically have a speci?c gravity 
of 1.0 and less. In current cementing applications, light 
Weight materials may be dry-blended With cement and 
cement additives and then transported to location, Where 
they are mixed With mixing ?uids (such as Water) to form 
loW density cement compositions, typically having a density 
of 11.0 lb/gal or less. During blending and transportation, 
hoWever, the lightWeight additives tend to segregate from 
the rest of the dry-blend, in part due to their loWer speci?c 
gravity With respect to the rest of the dry-blend. Segregation 
of the lightWeight materials has adverse consequences for 
cement compositions being formed from that dry-blend. 
HoWever, When the lightWeight materials are added to an 
aqueous Zeolite suspension to form a homogenous mixture, 
the aqueous Zeolite suspension keeps the lightWeight mate 
rial in suspension. The aqueous Zeolite-lightWeight material 
suspension can be prepared at the location Where the 
cementing application is to occur, or it can be transported to 
such a location Without the risk of segregation of the 
lightWeight materials during transport. 

According to yet another embodiment, Zeolite is incor 
porated into the base blend of cement mix from Which a 
foam cement composition is prepared. The Zeolite acts as a 
foam cement-stability agent. Conventional foam cements 
must be stabiliZed to keep gas entrained Within the system. 
A conventional method for stabiliZing foam cements is to 
add viscosi?ers such as gel or micro?ne particles. According 
to this embodiment, a foam cement composition is prepared 
from a cement mix comprising a base blend comprising 
from about 1 to about 25 Weight percent Zeolite. The Zeolite 
is effective in stabiliZing foam cement compositions made 
from such cement mix. 

According to yet another embodiment, Zeolites are used to 
make loW density foamed cement compositions. In order for 
conventional foam cements to achieve high compressive 
strengths, the base system (the unfoamed cement) must have 
a high compressive strength. Typically, this means that the 
base system has to be slightly densi?ed. The higher density 
of the base system requires a higher foam quality (more air 
per volume of base system) in order to achieve the desired 
loWer density for the foamed cement. HoWever, the higher 
foam quality results in an increase in the permeability of the 
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6 
cement composition once it has set. According to this 
embodiment, incorporation of Zeolite into the base system, 
Where the Zeolite is dry-mixed With the cement mix or is 
incorporated as an aqueous suspension, enables the use of a 
loWer foam quality (less air per volume of base system) to 
produce loWer density foamed cement. The Zeolite enhances 
the compressive strength of the base system, and alloWs for 
a loW density base system. In addition, because there is less 
air in the foamed cement composition, the permeability of 
the set cement is reduced. 

Water in the cement compositions according to the 
present embodiments is present in an amount sufficient to 
make a slurry of the desired density from the cement mix, 
and that is pumpable for introduction doWn hole. The Water 
used to form a slurry can be fresh Water, unsaturated salt 
solution, including brines and seaWater, and saturated salt 
solution. Generally, any type of Water can be used, provided 
that it does not contain an excess of compounds that are Well 
knoWn to those skilled in the art to adversely affect prop 
erties of the cement composition. The Water is present in an 
amount of about 22% to about 200% by Weight of the base 
blend comprising a cement mix, and more preferably in an 
amount of about 40% to about 150% by Weight of the base 
blend comprising a cement mix. 

In carrying out methods of the present embodiment, a 
subterranean Zone penetrated by a Wellbore is sealed by 
placing a cement composition comprising Zeolite, cementi 
tious material and Water into the subterranean Zone and 
alloWing the cement composition to set therein. Also, in 
carrying out the methods of the present embodiment, a 
cement composition of the present embodiment is prepared 
by mixing a cement mix comprising a base blend comprising 
Zeolite and at least one cementitious material With a mixing 
?uid. The cement composition is then placed into a subter 
ranean Zone and alloWed to set therein. In carrying out the 
methods of the present embodiment, a base blend compris 
ing Zeolite is prepared by mixing Zeolite With at least one 
cementitious material. A base blend prepared according to 
the present embodiment is then used to form a cement 
composition in according With methods of the present 
embodiment. 

In carrying out other methods of the present embodiment, 
a cement mix is prepared by mixing a base blend comprising 
at least one cementitious material With Zeolite. The cement 
mix is mixed With a mixing ?uid to form a cement compo 
sition according to the present embodiment, Which is then 
placed into the subterranean Zone and alloWed to set therein, 
thus sealing the subterranean Zone. In carrying out still other 
methods of the present embodiment, a cement mix is formed 
from a base blend comprising 100 Weight percent of at least 
one cementitious material, and Zeolite is mixed With the base 
blend as an additive. 

According to still other methods of the present embodi 
ment, a subterranean Zone penetrated by a Wellbore is sealed 
by placing a cement composition prepared With an aqueous 
Zeolite suspension into the subterranean Zone and alloWing 
the cement composition to set therein. In carrying out 
methods of the present embodiment, a cement mix compris 
ing a base blend is blended With an aqueous Zeolite suspen 
sion to form a cement composition of the present embodi 
ment. According to still other methods of the present 
embodiment, an aqueous Zeolite suspension is prepared by 
mixing Zeolite With a mixing ?uid, and adding at least one 
lightWeight material thereto. According to still other meth 
ods, a cement composition having a density less than about 
12 lb/gal is prepared by blending an aqueous Zeolite sus 
pension comprising Zeolite and at least one lightWeight 
material With a cement mix. 

According to still other methods of the present embodi 
ment, a subterranean Zone penetrated by a Wellbore is sealed 
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by placing a foamed cement composition according to the 
present embodiment into the subterranean Zone and allowing 
the foamed cement composition to set therein. A foamed 
cement composition according to the present embodiment is 
prepared by foaming an unfoamed cement composition 
comprising Zeolite. 

In carrying out methods of the present embodiment, an 
unfoamed cement composition is prepared by mixing a 
cement mix comprising a base blend comprising Zeolite and 
at least one cementitious material With a mixing ?uid. 
According to other methods of the present embodiment, an 

8 
Each batch Was formed from a cement mix comprising a 

base blend comprising 100 Weight percent Class A cement. 
Zeolite Was added as an additive in the amount as indicated 
in Table 1, Which is reported as a percent by Weight of the 
base blend (% bWob). The Water amounts are also reported 
as percentages based on the Weight of the base blend. The 
density Was conventionally measured, and reported in both 
metric units, kilogram per cubic meter (“kg/m3”) and impe 
rial, pounds per gallon (“lb/gal”). 

Zeolite Was obtained from C2C Zeolite Corporation, 
Calgary, Canada, and mined from BoWie, AriZ., USA. The 
speci?c Zeolite material used Was chabaZite. 

TABLE 1 

Components Batch 1 Batch 2 Batch 3 Batch 4 

Cement (%) 100 100 100 100 
Zeolite (% bWob) 0 10 0 10 
Water (% bWob) 46.7 56.9 46.7 56.9 
Density kgm3 (lb/gal) 1872 (15.6) 1800 (15.0) 1872 (15.6) 1800 (15.0) 
Compressive Strength Test 4 (40) 4 (40) 16 (60) 16 (60) 
Temperature ° C. (O F.) 
Compressive strength @ 1.31 (190) 2.22 (322) 3.83 (555) 5.01 (726) 
12 hours: MPa (psi) 
Compressive strength @ 2.07 (300) 5.20 (753) 10.00 (1450) 10.40 (1507) 
24 hours: MPa (psi) 
Compressive strength @ 
48 hours: MPa (psi) 

17.25 (2500) 17.94 (2600) 10.72 (1554) 

aqueous Zeolite suspension is mixed With the unfoamed 
cement composition formed from a base blend that may or 
may not comprise Zeolite. According to still other methods, 
the foamed cement composition formed from an unfoamed 
cement composition is stabiliZed by one or more of Zeolite 
in an aqueous Zeolite suspension mixed With the unfoamed 
cement composition, or Zeolite in the base blend of the 
unfoamed cement composition. 

The Zeolite used in carrying out any of the foregoing 
methods of the present embodiment can be as previously 
described herein. In preferred embodiments, the Zeolite is 
selected from the group consisting of analcime, bikitaite, 
breWsterite, chabaZite, clinoptilolite, faujasite, harmotome, 
heulandite, laumontite, mesolite, natrolite, paulingite, phil 
lipsite, scolecite, stellerite, stilbite, and thomsonite. Also, 
according to methods of the present embodiment, the Zeolite 
used can be of a desirable particle siZe, for example, about 
100 microns or less, or from about 3 microns to about 15 
microns. 

Also, according to any of the foregoing methods of the 
present embodiment, cement compositions, cement mixes 
and base blends are prepared that comprise additives knoWn 
to those of ordinary skill in the art, including but not limited 
to ?y ash, silica, lightWeight additives, accelerating addi 
tives, retarders, ?uid loss control additives, ?oW enhancing 
agents, and dispersants. Any such cement compositions, 
cement mixes, and base blends can be placed into a subter 
ranean Zone and alloWed to set therein, thereby sealing the 
subterranean Zone. 

The folloWing examples are illustrative of the methods 
and compositions discussed above. 

EXAMPLE 1 

Components in the amounts listed in TABLE 1 Were 
added to form four batches of a normal density slurry. The 
batches nyvere prepared according to API Speci?cation RP 
10B, 22 Edition, 1997, of the American Petroleum Institute 
(the entire disclosure of Which is hereby incorporated as if 
reproduced in its entirety). 
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The compressive strength data Was determined by Non 
Destructive Sonic Testing as set forth in API Speci?cation 
10B 22'” Edition, 1997, of the American Petroleum Insti 
tute, the entire disclosure of Which is hereby incorporated 
herein by reference. TABLE 1 shoWs that batches With 
Zeolite (Batches 2 and 4) had higher compressive strengths 
than conventional cement slurries (Batches 1 and 3) at the 
range of temperatures tested. 

EXAMPLE 2 

Components in the amounts listed in TABLE 2 Were 
added to form four batches of a lightWeight poZZolanic 
slurry. The batches Were prepared according to API Speci 
?cation RP 10B, 22'” Edition, 1997, of the American Petro 
leum Institute (the entire disclosure of Which is hereby 
incorporated as if reproduced in its entirety). 

Each batch Was formed from a cement mix comprising a 
base blend comprising Class C cement, Zeolite, ?y ash and 
fumed silica in the amounts reported in Table 2, Which are 
expressed as Weight percent. Water Was added to each base 
blend in the amount reported in Table 2, Which is reported 
as a Weight based on the Weight of the base blend (“% 
bWob”). The density Was conventionally measured, and 
reported in both metric units, kilogram per cubic meter 
(“kg/m3”) and imperial, pounds per gallon (“lb/gal”). 

Zeolite Was obtained from C2C Zeolite Corporation, 
Calgary, Canada, and mined from BoWie, AriZ., USA. The 
speci?c Zeolite material used Was chabaZite. Fumed silica 
Was obtained from either Fritz Industries, Mesquite, Tex., 
USA, or Elkem Group, Oslo, NorWay. The ?y ash Was Class 
F ?y ash, commercially available from Halliburton Energy 
Services, Duncan, Okla. 
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TABLE 2 

Batch 1 Batch 2 Batch 3 Batch 4 

Components 

Cement (%) 56 56 56 56 
Fly Ash (%) 22 22 22 22 
Fumed silica (%) 22 0 22 0 
Zeolite (%) 0 22 0 22 
Water (% bWob) 110 110 110 110 
Properties 

3 

Density kg/m (lb/gal) 1440 (12.0) 1440 (12.0) 1440 (12.0) 1440 (12.0) 
Compressive Strength Test 27 (80) 27 (80) 82 (180) 80 (180) 
Temperature ° C. (O F.) 
Compressive strength @ 0.55 (79) 0.42 (61) 5.13 (743) 4.86 (704) 
12 hours: MPa (psi) 
Compressive strength @ 1.02 (148) 0.92 (133) 6.51 (944) 6.21 (900) 
24 hours: MPa (psi) 
Compressive strength @ 1.54 (223) 1.52 (220) 6.90 (1000) 6.35 (921) 
48 hours: MPa (psi) 
Compressive strength @ 2.03 (295) 2.03 (295) 6.90 (1000) 6.35 (921) 
72 hours: MPa (psi) 
Thickening Time (hr:min) 5:20 4:03 5:43 4:15 
Plastic Viscosity (cP) 41.4 49.9 16.9 18.3 
Yield point (lb/100 ftz) 23.6 25.3 12.3 10.3 

25 

The compressive strength data Was determined by Non 
Destrucntive Sonic Testing as set forth in API Speci?cation 
10B 22 Edition, 1997, of the American Petroleum Institute, 
the entire disclosure of Which is hereby incorporated herein 

nooga, Tenn., USA. The other additives, namely the Zeolite 
and the fumed silica in this example, as Well as the Water 
amount, are reported as percentages based on the Weight of 
the base blend (“% bWob”). The density Was conventionally 

by reference. 2 ShOWS batches Zeolite 30 measured’ and reported in metric units’ per 
(Batches 2 are an accepPable 51113511111153 for Com/en‘ cubic meter (“kg/m3”) and imperial, pounds per gallon 
t1onal fumed s1l1ca cement slurnes (Batches 1 and 3). (“lb/gal”) 

Zeolite Was obtained from C2C Zeolite Corporation, 
EXAMPLE 3 Calgary, Canada, and mined from BoWie, AriZ., USA. The 

35 speci?c Zeolite material used Was chabaZite. Fumed silica 
Components in the amounts listed in TABLE 3 Were Was obtained from either Fritz Industries, Mesquite, Tex., 

added to form ?ve batches of a lightweight microsphere USA, or Elkem Group, Oslo, Norway. 

TABLE 3 

Batch 1 Batch 2 Batch 3 Batch 4 Batch 5 

Water (% bWob) 98 98 98 98 98 
Cement (%) 100 100 100 100 100 
Fumed silica (% bWob) 0 0 0 15 0 
Zeolite (% bWob) 0 15 0 0 15 
Properties 

Density kg/in3 (lb/gal) 1380 (11.5) 1380 (11.5) 1380 (11.5) 1380 (11.5) 1380 (11.5) 
Compressive Strength Test 49 (120) 49 (120) 93 (200) 93 (200) 93 (200) 
Temperature ° C. (O F.) 
Compressive strength @ 7.64 (1107) 7.66 (1110) 8.29 (1202) 15.35 (2225) 14.00 (2026) 
24 hours: MPa (psi) 
Compressive strength @ 
48 hours: MPa (psi) 
Compressive strength @ 
72 hours: MPa (psi) 
Comments 

11.18 (1621) 

13.40 (1942) 

settling 

11.96 (1734) 13.39 (1940) 18.41 (2669) 15.70 (2276) 

13.40 (1942) 12.34 (1789) 18.81 (2726) 

no settling settling no settling no settling 

slurry. The batches Were prepared according to API Speci 
?cation RP 10B, 22'” Edition, 1997, of the American Petro 
leum Institute (the entire disclosure of Which is hereby 
incorporated as if reproduced in its entirety). 

Each batch Was formed from a cement mix comprising a 
base blend comprising 100 Weight percent Class C cement. 
Cenospheres (holloW ceramic microspheres) Were added to 
each cement mix in an amount of 50% bWob, Where % bWob 
indicates a percentage based on the Weight of the base blend. 
Such cenospheres are available from PQ Corp., Chatta 

60 

65 

The compressive strength data Was determined by Non 
Destructive Sonic Testing as set forth in API Speci?cation 
10B 22'” Edition, 1997, of the American Petroleum Insti 
tute, the entire disclosure of Which is hereby incorporated 
herein by reference. TABLE 3 shoWs that batches With 
Zeolite (Batches 2 and 5) did not settle, Which demonstrates 
that Zeolite performs as an anti-settling agent, and is com 
parable as an anti-settling agent to conventional fumed silica 

(Batch 4). 
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EXAMPLE 4 

Components in the amounts listed in TABLE 4 Were 
added to form three types of an 11.7 lb/gal density cement 
composition. The density Was conventionally measured, and 
reported in both metric units, kilogram per cubic meter 
(“kg/m3”) and imperial, pounds per gallon (“lb/gal”). The 
cement compositions Were prepared according to API Speci 
?cation RP 10B, 22'” Edition, 1997, of the American Petro 
leum Institute (the entire disclosure of Which is hereby 
incorporated as if reproduced in its entirety). 

Type 1 Was formed from a cement mix comprising a base 
blend comprising 100 Weight percent Class C cement. The 

5 

12 
Weight of the base blend (“% bWob”). Prehydrated bento 
nite, can be obtained under the trademark “AQUA GEL 
GOLD” from Halliburton Energy Services, Inc., Houston, 
Tex. USA. 

Type 3 Was formed from a cement mix that comprised a 
base blend comprising 60 Weight percent Class C cement, 30 
Weight percent zeolite (mesh size 1), and 10 Weight percent 
(mesh size 2) zeolite. The zeolite Was clinoptilolite obtained 
from C2C Zeolite Corporation, Calgary, Canada, and Was 
further divided by particle size, i.e., its ability to pass 
through conventional mesh screens sizes 1 and 2. The Water 
amount for Type 3 is reported as a percentage based on the 
Weight of the base blend (“% bWob”) of the cement mix. 

TABLE 4 

Type 1 Type 2 Type 3 

Components 

Cement % 100% 60% 60% 
Zeolite (mesh size 1) % 0 0 30% 
Zeolite (mesh size 2) % 0 0 10% 
Prehydrated bentonite 4% bWob 1% 0 
Fly ash 0 19% 0 
Fumed silica 0 15% 0 
Accelerating additives 5% 
Water 154% bWob 114% bWob 130% bWob 
Properties 

Density kgm3 (lb/gal) 1400 (11.7) 1400 (11.7) 1400 (11.7) 
Time to 0.35 MPa (50 psi) at no set 4:43 9:21 

20° C. (68° F.) (hr:min) 
Time to 0.35 MPa (50 psi) at no set 3:16 i 

30° C. (86° F.) (hr:min) 
Time to 0.35 MPa (50 psi) at 21:31 3:36 4:13 
40° C. (104° F.)(hr:min) 
Time to 0.35 MPa (50 psi) at 8:12 i 1:45 

50° C. (122° F.) (hr:min) 
Time to 3.5 MPa (500 psi) at N/A 52:14 52:30 
20° C. (68° F.) (hr:min) 
Time to 3.5 MPa (500 psi) at N/A 22:57 19:10 
30° C. (86° F.) (hr:min) 
Time to 3.5 MPa (500 psi) at N/A 16:05 16:45 
40° C. (104° F.) (hr:min) 
Time to 3.5 MPa (500 psi) at N/A i 11:07 

50° 0. (122° F.) (hr:min) 

Water amount used to form the Type 1 cement composition 
is also reported as a percentage based on the Weight of the 
base blend. Prehydrated bentonite in the amount as reported 
in Table 4 Was added to the Water used to form the cement 
composition, and is reported in Table 4 as a percentage based 
on the Weight of the base blend (“% bWob”). Prehydrated 
bentonite, can be obtained under the trademark “AQUA 
GEL GOLD” from Halliburton Energy Services, Inc., Hous 
ton, Tex. USA. 

Type 2 Was formed from a cement mix that comprised a 
base blend comprising 60 Weight percent Class C cement, 5 
Weight percent accelerating additive (Which itself is com 
prised of 1 Weight percent sodium meta silicate; 2 Weight 
percent sodium sulfate; 2 Weight percent calcium chloride), 
15 Weight percent fumed silica, 1 Weight percent prehy 
drated bentonite, and 19 Weight percent ?y ash. Fly ash Was 
obtained from Ashcor Technologies, Calgary, Alberta, 
Canada (samples obtained at Sheerness and Battle River). 
Fumed silica Was obtained from either Fritz Industries, 
Mesquite, Tex., USA, or Elkem Group, Oslo, NorWay. The 
Water amount for Type 2 is reported as a percentage based 
on the Weight of the base blend (“% bWob”) of the cement 
mix. As With Type 1, the prehydrated bentonite used for 
Type 2 Was added to the Water as a percentage based on the 
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TABLE 4 shoWs that the zeolite cement composition 
(Type 3) sets faster than the conventional bentonite cement 
composition (Type 1) even at loW temperatures, and delivers 
results similar to conventional fumed silica compositions 
(Type 2) 

EXAMPLE 5 

Components in the amounts listed in TABLE 5 Were 
added to form ?ve batches of an 11.7 lb/gal density cement 
composition. The density Was conventionally measured, and 
reported in both metric units, kilogram per cubic meter 
(“kg/m3”) and imperial, pounds per gallon (“lb/gal”). The 
batches Were prepared according to API Speci?cation RP 
10B, 22'” Edition, 1997, of the American Petroleum Insti 
tute (the entire disclosure of Which is hereby incorporated as 
if reproduced in its entirety). 
Each batch Was formed from a cement mix that comprised 

a base blend comprising 60 Weight percent Class C cement, 
30 Weight percent zeolite (mesh size 1), and 10 Weight 
percent (mesh size 2). The zeolite Was clinoptilolite obtained 
from C2C Zeolite Corporation, Calgary, Canada, and Was 
further divided by particle size, i.e., its ability to pass 
through conventional mesh screens sizes 1 and 2. 
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The accelerating additive for Batch 2 Was calcium sulfate, 
the accelerating additive for Batch 3 Was sodium aluminate, 
and the accelerating additive for Batches 4 and 5 Was sodium 
sulfate. The amounts of accelerating additive are reported as 
percentages based on the Weight of the base blend (“% 
bWob”) of the cement mix. The Water amounts for each 
batch are also reported as percentages based on the Weight 
of the base blend (“% bWob”) of the cement mix. 

14 
an additive. The speci?c Zeolite material used Was chabaZite, 
Which Was obtained from C2C Zeolite Corporation, Calgary, 
Canada. A dispersant Was also mixed With the cement mix 
as an additive in the amount as reported in Table 6, Which is 
reported as a percentage based on the Weight of the base 
blend (% bWob). The speci?c dispersant used Was a sul 
fonated ketone acyclic aldehyde condensate available from 
Halliburton Energy Services. The Water amounts for each 

TABLE 5 

Components Batch 1 Batch 2 Batch 3 Batch 4 Batch 5 

Cement % 60 60 60 60 60 

Zeolite (mesh size 1) % 30 30 30 30 30 
Zeolite (mesh size 2) % 10 10 10 10 10 
Accelerating additive % bWob 0 3 3 3 6 
Water % bWob 130 130 130 130 130 

Density kg/m3 (lb/gal) 1400 (11.7) 1400 (11.7) 1400 (11.7) 1400 (11.7) 1400 (11.7) 
Temperature 0 c. (O F.) 50 (122) 50 (122) 50 (122) 50 (122) 50 (122) 
Compressive strength @ 0 (1) 2.39 (347) 1.78 (258) 1.35 (196) 2.46 (356) 
12 hours: MPa (psi) 
Compressive strength @ 0.72 (104) 2.45 (355) 3.66 (531) 2.48 (360) 5.14 (745) 
24 hours: MPa (psi) 
Compressive strength @ 2.76 (400) 5.16 (748) 6.23 (903) 4.74 (687) 5.84 (847) 
48 hours: MPa (psi) 

batch are reported as percentages based on the Weight of the 
base blend. 

30 Fluid loss Was tested under standard conditions according 
to Section 10 of APl Speci?cation RP 10B, 22'” Edition, 
1997, of the American Petroleum Institute (the entire dis 
closure of Which is hereby incorporated as if reproduced in 
its entirety). 

TABLE 6 

Components Batch 1 Batch 2 Batch 3 Batch 4 Batch 5 Batch 6 Batch 7 Batch 8 Batch 9 

Cement % 100 100 100 100 100 100 100 100 100 
Zeolite % bWob 0 5 10 0 5 10 0 5 10 
Dispersant % bWob 0 0 0 1 1 1 1.5 1.5 1.5 
Water % bWob 46.6 47.8 49 46.0 47.8 49 45.8 47.8 49 
Density kg/m3 1872 1872 1872 1872 1872 1872 1872 1872 1872 
(lb/gal) (15.6) (15.6) (15.6) (15.6) (15.6) (15.6) (15.6) (15.6) (15.6) 
Fluid loss at 800 F. 612 515 417 261 190 139 164 136 89 

(cc/30 min) 
Fluid loss at 1500 F. 590 482 417 328 110 91 287 120 69 

(cc/30 min) 

TABLE 5 shoWs that cement compositions containing 
Zeolite set With conventional accelerating additives, as illus 
trated by the increase in compressive strengths over time. 

EXAMPLE 6 
Components in the amounts listed in TABLE 6 Were 

added to form ?ve batches of a 15.6 lb/ gal cement compo 
sition. The density Was conventionally measured, and 
reported in both metric units, kilogram per cubic meter 
(“kg/m3”) and imperial, pounds per gallon (“lb/gal”). The 
batches Were prepared according to API Speci?cation RP 
10B, 22'” Edition, 1997, of the American Petroleum Insti 
tute (the entire disclosure of Which is hereby incorporated as 
if reproduced in its entirety). 

Each batch Was formed from a cement mix comprising a 
base blend comprising 100 Weight percent Class A cement. 
Zeolite in the amount reported in Table 6, Which is a 
percentage based on the Weight of the base blend of the 
cement mix (“% bWob”), Was mixed With the cement mix as 
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TABLE 6 shoWs that cement compositions comprising 
Zeolite (Batches 2, 3, 5, 6, 8, and 9) control ?uid loss better 
than conventional cement compositions. Also, the ?uid loss 
control improves With increasing concentration of the dis 
persant. 

EXAMPLE 7 

Components in the amounts listed in TABLE 7 Were 
added to form seven batches of a lightWeight poZZolanic 
cement composition. The initial density Was conventionally 
measured, and reported in both metric units, kilogram per 
cubic meter (“kg/m3”) and imperial, pounds per gallon 
(“lb/gal”). The batches Were prepared according to API 
Speci?cation RP 10B, 22'” Edition, 1997, of the American 
Petroleum Institute (the entire disclosure of Which is hereby 
incorporated as if reproduced in its entirety). 

Batches 1, 3, and 6 Were formed from a cement mix that 
comprised a base blend comprising 56 Weight percent Class 
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C cement, 22 Weight percent ?y ash, and 22 Weight percent 
fumed silica. The ?y ash Was Class F ?y ash, commercially 
available from Halliburton Energy Services. Fumed silica 
Was obtained from either Fritz Industries, Mesquite, Tex., 
USA, or Elkem Group, Oslo, NorWay. 

Batches 2, 4, and 7 Were formed from a cement mix that 
comprised a base blend comprising 56 Weight percent Class 
C cement, 22 Weight percent ?y ash, and 22 Weight percent 
Zeolite. The ?y ash Was Class F ?y ash, commercially 
available from Halliburton Energy Services. The speci?c 

16 
10B, 22'” Edition, 1997, of the American Petroleum Insti 
tute (the entire disclosure of Which is hereby incorporated as 
if reproduced in its entirety). FolloWing said APl speci?ca 
tion, a cement mix comprised of a base blend comprising 60 
Weight percent Class C cement and 40 Weight percent Zeolite 
Was formed by dry-mixing the cement and the Zeolite by 
hand in a glass jar. Clinoptilolite, Which is commercially 
available from C2C Zeolite Corporation of Calgary, Canada, 
Was used as the Zeolite for each base blend. 

Zeolite material used Was chabaZite, Which Was obtained 10 
from C2C Zeolite Corporation, Calgary, Canada. 

Batch 5 Was formed from a cement mix that comprised a 

base blend Comprising 100 Weight perqem Class C Cement‘ Sodium sulfate and sodium carbonate in the amounts 
Water Was added to each cement m1x to form a cement _ _ _ _ _ 

composition. The Water amounts for each of the seven 15 hsted 111 TABLE 8 Were dry'mlxed 11110 the Cement m1x to 

batches are reported in Table 7 as percentages based on the act as accelerating additives. The sodium sulfate and sodium 
Weight of the base blend (“% bWOb”) of each Cement mix- carbonate amounts are reported as percentages of the Weight 

Under standard conditions set out in Section 15.6, Sedi- 0 . 
mentation Test, of APl Speci?cation RP 10B, 22'” Edition, of the base blend (A) bWOb) of each Cement mm‘ 
1997, of the American Petroleum Institute, the batches Were 20 
placed in corresponding cylinders and alloWed to set for 24 
hours‘ Each Cyhnder Was then dlvlded 1m? Segments’ and The cement-Zeolite base blend and the accelerating addi 
the density for each segment Was determ1ned by conven- . . . . 
tional means. It is understood that the absence of settling is ?ves Compnsed the Cement mm from Whlch a Cement 
indicated by minimal variation in density values among the Composition Was formed- The Cement Composition Was 
sections of a given cylinder, as shoWn in Table 7. formed by adding the cement mix to mixing ?uid being 

TABLE 7 

Batch 1 Batch 2 Batch 3 Batch 4 Batch 5 Batch 6 Batch 7 

Components 

Cement % 56 56 56 56 100 56 56 

Fly ash % 22 22 22 22 0 22 22 

Fumed silica % 22 0 22 0 0 22 0 

Zeolite % 0 22 0 22 0 0 22 

Water (% bWob) 110 110 110 110 110 110 110 

Initial density 1440 (12.0) 1440 (12.0) 1440 (12.0) 1440 (12.0) 1440 (12.0) 1440 (12.0) 1440 (12.0) 
kg/m3 (lb/gal) 
Temperature 27 (80) 27 (80) 82 (180) 82 (180) 93 (200) 93 (200) 93 (200) 
O c. (O F.) 

Settling Data 

Top Segment 1392 (11.6) 1476 (12.3) 1404 (11.7) 1488 (12.4) 1524 (12.7) 1476 (12.3) 1548 (12.9) 
MPa (lb/gal) 

2nd Segment 1440 (12.0) 1488 (12.4) 1404 (11.7) 1500 (12.5) i i 4 

MPa (lb/gal) 

3rd Segment 1440 (12.0) 1488 (12.4) 1404 (11.7) 1488 (12.4) 1596 (13.3) 1476 (12.3) 1536 (12.8) 
MPa (lb/gal) 

4th Segment 1428 (11.9) 1488 (12.4) i 1476 (12.3) i i 4 

MPa (lb/gal) 

Bottom Segment 1428 (11.9) 1488 (12.4) 1416 (11.8) 1476 (12.3) 1572 (13.1) 1452 (12.1) 1548 (12.9) 
MPa (lb/gal) 

Comments settling no settling no settling no settling settling no settling no settling 

TABLE 7 shoWs that batches With Zeolite (Batches 2, 4, 60 
and 7) did not settle. 

EXAMPLE 8 

To illustrate the e?‘ectiveness of accelerating agents With 
cement compositions comprising Zeolites, ten cement com 
positions, each having a density of about 1400 kg/m3 (11.68 
lb/gal), Were prepared according to API Speci?cation RP 

65 

maintained in a blender at 4000 RPM. All of the cement mix 
Was added to the mixing ?uid over a 15 second period. A 
cover Was then placed on the blender, and mixing Was 
continued at about 12,000 RPM for about 35 seconds. For 
each of the ten cement compositions, the mixing ?uid Was 
Water, in an amount of 135% bWob, Which indicates a 
percentage based on total Weight of the base blend of the 
cement mix. The cement mix temperature and mixing ?uid 
temperature Were both 240 C. (750 E). 
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TABLE 8 

Compressive strength at 30° C. (86° F.) 

Time (Hr:Min) Time (Hr:Min) 
Comp. Na2SO4 Na2CO3 to 0.35 MPa to 3.5 MPa MPa (psi) MPa (psi) MPa (psi) 
No. (% bWob) (% bWob) (50 psi) (500 psi) at 12 Hrs at 24 Hrs at 48 Hrs 

1 6.00 0.0 6:12 46:11 1.09 (158) 2.37 (343) 3.73 (541) 
2 7.00 0.0 7:17 39:04 0.88 (128) 2.19 (317) 4.14 (600) 
3 6.95 0.05 6:49 42:41 1.01 (146) 2.32 (336) 4.29 (622) 
4 6.90 0.10 7:13 36:18 0.88 (128) 2.28 (330) 4.44 (643) 
5 6.75 0.25 2:45 31:31 1.03 (149) 2.41 (349) 4.55 (659) 
6 6.50 0.50 7:20 34:03 1.01 (146) 2.48 (359) 4.49 (651) 
7 6.00 1.00 6:27 32:42 1.22 (177) 2.60 (377) 4.62 (670) 
8 6.00 *1.00 4:03 33:38 1.42 (206) 2.64 (383) 4.62 (670) 
9 6.50 **0.5 i 29:53 1.65 (239) 2.94 (426) 4.76 (690) 

10 6.00 **1.0 6:57 31:33 1.21 (175) 2.83 (410) 4.97 (720) 

*hand-ground in an agate mortar 
**laboratory grade from Baker chemicals 

The time it takes for a cement composition to reach a 20 EXAMPLE 9 
designated MPa (psi) value is a measurement of the effec 
tiveness of the accelerating additive. Table 8 illustrates that Table 9A illustrates ?uid 1055 Control additives that are 
Sodium Sulfate’ Sodium Carbonate, and a Combination Of effective in cement compositions containing Zeolite. Twelve 

sodium sulfate and sodium carbonate are effective accelera- 25 1i;I/ne;1t(1C1OIg18P1O§/mO1I)15> each havlngda denfilly Otf eiginslélop 
tors for cement com ositions com risin Zeolite. ' ga ’We1.‘e.prepare accor mg 0. peel 

p p g ?cat1on RP10B, 22M ed1t1on, 1997, of the American Petro 
The 0.35 MPa and 3.5 MPa values Were selected as leum Institute, the entire disclosure of Which is incorporated 

general testing points. These general testing points are based herein by reference. According to this API speci?cation, a 
on the fact that one of ordinary skill in the art Would consider Cement InlX comprlsed Ofa base b1eI_1d COmpnsmg 60_We1ghI 
that at 0.35 MPa, a cement composition is beginning to set, 30 Percent Class C Pemem and 40 Welght Percent Zeol1te was 
while at 3.5 MPa, the cement composition has enough formed by dryfmlxlng lhe Cement_and the Zeol1te by hand In 

- - - - a glass Jar. C11nopt11o11te, W111C11 1s commerc1a11y available 
strength to hold the cas1ng p1pe 1n place. W1th respect to . . 

. . t th t 12 2 4 d 4 8 h from C2C Zeol1te Corporat1on of Calgary, Canada, Was used 
measunng Compresslve S reng a _ ’ ’ an 9m?’ as the Zeolite in each base blend. 

these values Were also selected as arbrtrary standards W1th1n 35 Sodium Sulfate in an amount Of7% hWOh’ Which indicates 
1119 lndustfy as a means for provldmg Comparable data a percentage by Weight of the base blend, Was dry-mixed 
PO1m5~ It 15 understood that Compresslve Strength Could be into each cement mix as an accelerating additive. Fluid loss 
measured at other values of MPa and at other elapsed t1mes. additives (FLAS) as listed in Table 9A Were also dry_mixed 
It may be desirable to do so When industry standards require into the cement mix in the amount as listed, Which is also 
that a certain MPa value be achieved in a certain amount of 40 reported as a percentage by Weight of the base blend. 
time. For example, EUB in Alberta Canada requires a The cement-Zeolite base blend and the accelerating and 
compressive strength of 3,5 MPa in 48 hours, ?uid loss additives comprised the cement mix from Which a 

. . cement composition Was formed. The cement composition 

b Amzioughghg emb?dmtlem exemph?gi by Exilbmple 8 hag Was formed by adding the cement mix to a mixing ?uid 
66? escn e W11 re erence to so mm Car Onate an being maintained in ablender at 4000 RPM. The cement mix 

sodrum sulfate as accelerators, other accelerators, such as 45 Was added to the mixing ?uid Over a 15 Second period when 
Ca1C1_um Sulfate and potass1um $111919, Whlch are referred to all of the cement mix Was added to the mixing ?uid, a cover 
here1n as sulfate salts, and calc1um carbonate and potass1um Was placed on the blender and mixing Was Continued at 
carbonate, Wh1ch are referred to here1n as carbonate salts, about 12,000 RPM for about 3 5 seeends_ For eaeh Cement 
Would also achieve the illustrated effectiveness. Accord- Composition, the mixing ?uid was water, The amount of 
ingly, When a combination of accelerators is used, it Will be 50 Water required in the blender Was 135% bWob, Which 
understood by those of ordinary skill in the art that a number 
of combinations comprising any of the sulfate salts With any 
of the carbonate salts can be used. 

indicates a percentage based on total Weight of the base 
blend of the cement mix. The cement mix temperature and 
mixing ?uid temperature Were both 240 C. (75° F.). 

TABLE 9A 

Other Additive 
FLA FLA and Concentration API 

Comp. Charge Concentration of Other Additive Fluid Loss 

No. Fluid Loss Additive (“FLA”) Character (% bWob) (% bWob) (mL/30 min) 

1 none N/A N/A none 787 

2 HEC (hydroxyethylcellulose) non-ionic 1.0 none 54 

3 hydrophobically modi?ed non-ionic 1.0 none 70 

HEC (Natrosol Plus 330 TM) 
4 hydrophobically modi?ed non-ionic 0.75 none 140 

HEC (Natrosol Plus 330 TM) 
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TABLE 9A-continued 

Other Additive 
FLA FLA and Concentration API 

Cornp. Charge Concentration of Other Additive Fluid Loss 
No. Fluid Loss Additive (“FLA”) Character (% bwob) (% bwob) (mL/30 min) 

5 hydrophobically modi?ed non-ionic 0.5 none 321 
HEC (Natrosol Plus 330 TM) 

6 CMHEC (carboxymethyl anionic 1.0 none 274 
hydroxyethylcellulose) 

7 Guar anionic 1.0 none 736 
8 Modi?ed Guar anionic 1.0 none 660 
9 LAP-1 non-ionic 1.0 Bentonite 1.0 372 

10 Halad 344 anionic 1.0 none 248 
11 Halad 413 anionic 1.0 none 150 
12 Starch non-ionic 1.0 none 431 

HEC (Comp. No. 2) is commercially available from 
Dow/Union Carbide of Midland, Mich. Hydrophobically 
modi?ed HEC (Comp. Nos. 3-5) is commercially available 
as Natrosol Plus 330TM from the Aqualon Division 
(Kennedy, Tex.) of Hercules Incorporated. CMHEC (Comp. 
No. 6) is commercially available from Drilling Specialties 
Company (Houston, Tex.), a division of Chevron Philips 
Chemical. Guar (Comp. No. 7) and modi?ed guar (Comp. 
No. 8) are commercially available from Rhone-Poulenc. 
LAP-1 and bentonite (Comp. No. 9) are a polyvinyl alcohol 
and a montmorillonite clay respectively, and are each com 
mercially available from Halliburton Energy Services, Dun 
can, Okla. Halad 344 (Comp. No. 10) are grafted polymers 
prepared by the polymerization of monomers or salts of 
monomers of N,N-dimethylacrylamide, 2-acrylamido-2-me 
thylpropanesulfonic acid and acrylonitrile having a lignin or 
lignite or other backbone, and are commercially available 
from Halliburton Energy Services, Duncan, Okla. Halad 413 
(Comp. No. 11) are copolymers or salts of copolymers of 
N,N-dimethylacrylamide (NNDMA) and 2-acrylamido, 
2-methyl propane sulfonic acid (AMPS), and are commer 
cially available from Halliburton Energy Services. 

Fluid loss was tested by following procedures set forth in 
Section 10 of API Recommended Practice 10B, 22'” Edi 
tion, 1997, of the American Petroleum Institute (the entire 
disclosure of which is hereby incorporated as if reproduced 
in its entirety). 

The procedures followed were those for testing at tem 
peratures less than 194° F., with atmospheric pressure con 
ditioning, and a static ?uid loss cell. Generally, however, 
475 cc of each composition was placed into the container of 
an atmospheric pressure consistometer commercially avail 
able from Howco. The composition was cooled to the test 
temperature of 20° C. (68° F.) over a 5 minute period, where 
the temperature of the atmospheric consistometer was con 
trolled by the temperature of a bath. The test temperature of 
20° C. (68° F.) was an arbitrarily chosen value based on 
typical values for bottom hole circulating temperature 
(BHCT) of a well. After 20 minutes, the composition was 
stirred, and then the ?uid loss cell was ?lled. 
A 5 inch standard ?uid loss cell was prepared according 

to the aforemetioned Section 10 of API Recommended 
Practice 10B. Generally, however, the test was started within 
30 seconds of closing the cell by application of nitrogen 
applied through the top valve. Filtrate was collected and the 
volume and time were recorded if blow out occurred in less 
than 30 minutes or volume recorded at 30 minutes if no blow 
out occurred. Thus, to report ?uid loss data indicated in 
Table 9A, values were calculated as twice the volume of 
?ltrate multiplied by 5.477 and divided by the square root of 
time if blowout occurred, and as twice the volume of ?ltrate 
if blowout did not occur within 30 minutes. 
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Lower amounts (mL/30 Min) of ?uid loss as compared to 
the ?uid loss amount of Comp. No. 1 illustrate the effec 
tiveness of the FLAs in those cement compositions. Thus, 
?uid loss control additives that are effective on cement 
compositions comprising Zeolite are illustrated. Of the 
twelve cement compositions tested, the non-ionic hydroxy 
ethyl cellulose (HEC) (Comp. No. 2), and hydrophobically 
modi?ed HEC (Comp. Nos. 3-5) provided the best ?uid loss 
control. The anionic CMHEC (Comp. No. 6), Halad 413 
(Comp. No. 11), Halad 344 (Comp. No. 10), non-ionic 
starch (Comp. No. 12), and LAP-l/Bentonite mix (Comp 
No. 9) provided ?uid loss control to a lesser degree. Guar, 
(Comp No. 7) and modi?ed guar (Comp No. 8) provided 
only a small degree of ?uid loss control. 

Additional ?uid loss control testing was conducted on 
cement compositions comprising non-ionic hydrophobically 
modi?ed HEC (Natrosol Plus 330TM). API ?uid testing was 
conducted on the cement compositions listed in Table 9B at 
the indicated temperatures. The cement compositions listed 
in Table 9B were prepared in the same manner as described 

above for the compositions listed in Table 9A. As described 
above, base blends comprising 60 weight percent Class C 
cement and 40 weight percent Zeolite were dry-mixed by 
hand in a glass jar. Clinoptilolite, which is commercially 
available from C2C Zeolite Corporation of Calgary, Canada, 
was used as the Zeolite in each base blend. 

Sodium sulfate in an amount of 7% bwob (where “% 
bwob” indicates a percentage by weight of the base blend) 
was dry-mixed with each base blend as an accelerating 
additive. The non-ionic hydrophobically modi?ed HEC (N a 
trosol Plus 330TM) FLA was also dry-mixed into each base 
blend in the % bwob as listed in Table 9B. 

The cement-Zeolite base blend and the accelerating and 
?uid loss additives comprised the cement mix from which a 
cement composition was formed. The cement composition 
was formed by adding the cement mix to a mixing ?uid 
being maintained in a blender at 4000 RPM. All of the 
cement mix was added to the mixing ?uid over a 15 second 
period. A cover was then placed on the blender and mixing 
was continued at about 12,000 RPM for about 35 seconds. 
For each cement composition, the mixing ?uid was water, 
which was present in an amount of about 135% bwob, which 
is a percentage based on weight of the base blend. The 
density of each cement composition was about 1400 kg/m3 
(11.68 lb/gal). 

Fluid loss testing according to API procedure Section 10 
ofAPl Recommended Practice 10B as described above was 
conducted at the test temperatures indicated in Table 9B. The 
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measured ?uid loss values (mL of ?uid lost/30 min) illus 
trate that non-ionic hydrophobically modi?ed HEC is an 
e?‘ective ?uid loss control agent for use With cement com 
positions containing Zeolite at temperatures at least up to 800 
C. (176° F.). 

22 
recorded When the material in the ?ask ?rst began to unpack, 
Which is indicated below in Table 10 as the initial slough-o?. 
The number on the counter Was again recorded When all of 
the material in the ?ask had unpacked, Which is indicated in 
Table 10 as the complete slough-o?. 

TABLE 9B 

API Fluid 
FLA FLA Loss Test API 

Comp. Fluid Loss Additive Charge Concentration Temperature Fluid Loss 
No. (“FLA”) Character (% bWob) ° C. (O F.) (mL/30 min) 

1 hydrophobically non-ionic 0.75 30 (86) 183 
modi?ed HEC 

(Natrosol Plus 330 TM) 
2 hydrophobically non-ionic 0.75 40 (104) 399 

modi?ed HEC 
(Natrosol Plus 330 TM) 

3 hydrophobically non-ionic 1.0 40 (104) 75 
modi?ed HEC 
(Natrosol Plus 330 TM) 

4 hydrophobically non-ionic 0.75 50 (122) 427 
modi?ed HEC 
(Natrosol Plus 330 TM) 

5 hydrophobically non-ionic 1.0 50 (122) 272 
modi?ed HEC 

(Natrosol Plus 330 TM) 
6 hydrophobically non-ionic 0.75 80 (176) 804 

modi?ed HEC 

(Natrosol Plus 330 TM) 

EXAMPLE 10 TABLE 10 
30 

Table 10 illustrates that Zeolite is an e?‘ective ?oW vtghtcgesrscecm enhancing agent. FloW enhancing agents relate to the ?oW Mix Portland Zeolite Initial Complete 

properties of a dry cement mix. Thus, eight cement mixes NO- c?ment- (ch?b?lit?) Slough-Off Slough-Off 
comprising eight base blends Were prepared by dry-mixing 1 100 0 12 7 14 7 
Class C cement and Zeolite in the amounts as listed in Table 35 2 99 1 11:5 13:0 
10 by hand in a glass jar. ChabaZite, Which is commercially 3 95 5 7.3 8.3 
available from C2C Zeolite Corporation of Calgary, Canada, 4 90 10 8-4 9-4 

Was used as the Zeolite for each base blend. 2 2; it‘; The base blend for cement mix nos. 7 and 8 comprised 7 99.5 0.5 With 3.4 4.6 

Zeolite (chabaZite) With acetic acid, a conventional ?oW 40 25%. bWQZ 
enhancing agent, adsorbed thereon in the amount as indi- 8 99 30in; gm 4 0 5 2 
cated, Where “% bWoZ” is a percentage based on the Weight 15% bWOZ ' I 
of the Zeolite. To absorb the acetic acid on the Zeolite, 10 g acetic acid 
of Zeolite Was Weighed into a beaker. The required percent 
age by weight of acetic acid was added by dropper The 45 The slough-o? values in Table 10 indicate that cement 
Zeolite and acetic acid Were then mixed With a spatula to COIIIPOSIUOIIS formed frOm Cement IIIIXeS comprlslng base 
give a homogenous powder with adsorbed acetic aeid_ blends comprising Zeolite Will ?oW e?iciently When used in 
Apack set test method Was used to obtain an indication of ?e1d_ appheanens' In addltlee’ these Values tneleate that the 

the ?ow properties of the eight dry Cement mixes_ The pack 50 Zeolite also behaves as fnction'reducer. Friction reduct1on 
set test is empirical, as there is no direct correlation With the end ?ow enhancement are eonsldered to be slmllar Proper‘ 

?oW properties of the poWder. HoWever, it is understood by tles' EXAMPLE 11 
ehe Of Ordinary Skill in the that thy-mixes With apaek Set Tables 11A and 11B illustrate that cement mixes com 
lhdeX of eheht 10 or less W111 typleahy ?ew e?telehtly 1h prising Zeolite as a part of the base blend are useful in 
held appheatlehs- 55 forming cement compositions having good compressive 

The pack set test Was conducted as folloWs for each strength, which may also be considered “lightweight” 
Cement m1X~ F1? 5t, at 1east 400 grams 9f the base hlehdef cements, as densities equal to or less than about 13.5 lb/gal 
each cement mix was isolated by placing it into a glass Jar can be achieved 
With a lid. An amount of each base'blend Was Weighed into six Cement Compositions’ each having a density as indi_ 
a 250 Erlenmeyer ?ask to Obtaln apprexlmately 109 ee 60 cated in Table 11A Were prepared according to API Speci 
Vehhhe tn the hash The ?ask Was_ theh StePPered “flth a ?cation RP 10B, 22'” Edition, 1997, of the American Petro 
l'hhher Stepper, and Plaeed on a vthratlhg table Uslhg a leum Institute (the entire disclosure of Which is hereby 
variable transformer, the ?ask Was v1brated at a dial read1ng incorporated as if reproduced in its entirety) The density 
Of 48 fOI‘ a time period Of 24 seconds. The ?ask W215 then Was conventionally measured, and reported in both metric 
placed betWeen the four rubber projections of a Roto-Tester, units, kilogram per cubic meter (“kg/m3”) and imperial, 
Which is a device commercially available from W.R. Grace. 65 pounds per gallon (“lb/gal”). 
The counter of the Roto-Tester Was set to Zero and then the 
Roto-Tester Was turned on. The number on the counter Was 

Composition Nos. 1 and 4 Were formed from a cement 
mix comprising a base blend comprising 100 Weight percent 
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Class G cement. The cement mix Was mixed With a mixing 
?uid comprising Water and prehydrated bentonite in the 
amounts reported in Table 11A, Where the Water amount is 
reported as a percentage by Weight of the base blend of the 
cement mix, and the prehydrated bentonite is reported as a 5 
percentage by Weight of the amount of mixing ?uid (Water). 
Prehydrated bentonite is bentonite that is mixed in Water and 
added to the mixing ?uid as a liquid, Where 1% of prehy 
drated bentonite is equivalent to 4-5% dry blended bento 
nite. Bentonite is a montmorillonite clay commercially 
available from Halliburton Energy Services, Duncan, Okla. 

Composition Nos. 2, 3, 5 and 6 Were each formed from a 
cement mix comprising a base blend comprised of Class G 
cement and Zeolite in the amounts (Weight percents) 
reported in Table 11A. The cement and the Zeolite Were 
dry-mixed by hand in a glass jar. ChabaZite, Which is 15 
commercially available from C2C Zeolite Corporation of 
Calgary, Canada, Was used as the Zeolite for each cement 
composition. CPR-3 Was also dry-mixed by hand in the glass 
jar With the base blend in the amount as listed in Table 11A, 
Where % bWob indicates a percentage by Weight of the base 20 
blend. CPR-3 is the tradename for the condensation product 
of formaldehyde, acetone and a sul?te, Which is commer 
cially available from Halliburton Energy Services. 

The cement-Zeolite base blend and the CPR-3 dispersant 
comprised the cement mix from Which a cement composi- 25 
tion Was formed. The cement composition Was formed by 
adding the cement mix to mixing ?uid being maintained in 
a blender at 4000 RPM. The cement mix Was added to a 
mixing ?uid over a 15 second period. When all of the cement 
mix Was added to the mixing ?uid, a cover Was placed on the 
blender and mixing Was continued at about 12,000 RPM for 
about 35 seconds. For cement composition Nos. 2, 3, 5 and 
6, the mixing ?uid comprised Water in the amount as listed 
in Table 11A Where % bWob indicates a percent by Weight 
of the base blend. The temperatures of the cement mix and 
the mixing ?uid Were each 240 C. (75° F). 

24 
in 600 to 3 RPM, and at the temperature as indicated in Table 
11B. For example, the Fann Vrscometer is rotated at 300 
RPM (revolutions per minute) for 60 seconds and a value on 
the dial is read, the speed is then changed to 200 RPM and 
the neW value on the dial reading taken. There are a number 
of theoretical models knoWn to those of ordinary skill in the 
art that can be used to convert the values from the dial 
readings at the different RPM’s into viscosity (centipoises). 
In addition, different viscometer models use different RPM 
values, thus, in some instances, a measurement is not 
available at a particular RPM value. 

The Rheology Results Were obtained generally according 
to the procedures set forth in Section 12 of the API Speci 
?cation RP 10B, 22'” Edition, 1997, of the American Petro 
leum Institute (the entire disclosure of Which is hereby 
incorporated as if reproduced in its entirety). The aforemen 
tioned API procedures Were modi?ed in that the initial 
reading at 300 RPM Was taken after 60 seconds of continu 
ous rotation at that speed. Dial readings at 200, 100, 60, 30, 
6 and 3 Were then recorded in descending order at 20-second 
intervals. The ?nal reading at 600 RPM Was taken after 60 
seconds of continuous rotation at that speed. 

Free Water data Was gathered according to Section 15.5 of 

Addendum 2 of the API Speci?cation 10B 22'” Edition, 
1997, of the American Petroleum Institute, the entire dis 
closure of Which is hereby incorporated herein by reference. 
Generally according to said API Speci?cation, 250 ml of 
each cement composition Was poured into its oWn 250 ml 

graduated glass cylinder and then sealed With a plastic ?lm 
Wrap to prevent evaporation. AtWo hour test period Was then 
initiated, in Which the graduated cylinders Were left stand 
ing. After tWo hours, the free ?uid that had gathered on top 

TABLE 11A 

Components No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 

Class G Cement (Wt. %) 100.00 65.00 50.00 100.00 60.00 50.00 

Zeolite (Wt. %) 0 35.00 50.00 0 40.00 50.00 

CPR-3 (% bWob) 0 0 1.00 0 0 0 

Water (% bWob) 80.13 69.49 65.36 108.50 93.00 89.81 

Prehydrated Bentonite 2.00 0 0 3.00 0 0 

(% WW) 

Density 1620 1620 1620 1500 1500 1500 

kg/m3(1b/ga1) (13.5) (13.5) (13.5) (12.5) (12.5) (12.5) 

The six cement compositions Were then tested, Which 60 
yielded the rheology, compressive strength, free Water, and 
settling data as indicated in Table 11B. 

The viscosity (dial reading) of the cement compositions 
Was measured using a Fann Model 35 viscometer, and 
reported in the Rheology Results in Table 11B. The viscosity 65 
Was taken as the measurement of the dial reading on the 
Fann Model 35 at the different rotational speeds as indicated 

of each cement composition inside the cylinder Was mea 
sured. The percent of free ?uid Was calculated as the 
measured milliliters of free ?uid multiplied by 100 and then 
divided by the initial 250 milliliters of the cement compo 
sition. 

Settling data is based on observation of the degree of 
sample settling in the free Water tests. 
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TABLE 11B 

Compress. Strength Results 
Test Temp. at 66° C. (150° F.) 

Rheology Results Time to Free Water 
Dial Reading at 49° C. (120° F.) 3.5 MPa at 49° C. 

Comp. 600 300 200 100 60 30 6 3 (500 psi) MPa (psi) MPa (psi) (120° F.) 
No. RPM RPM RPM RPM RPM RPM RPM RPM Hr:Min at 12 Hrs at 24 Hrs (mL/250 mL) Settling 

1 125 100 96 93 90 86 30 18 10:19 4.01 (581) 5.74 (832) 6 None 
2 128 106 97 85 79 71 34 27 6:04 12.5 (1815) 14.30 (2072) 0 None 
3 245 190 164 135 119 101 48 38 4:16 13.92 (2017) 14.48 (2098) 0 None 
4 98 82 78 73 70 68 38 27 >24 1.70 (246) 2.70 (391) 3 None 
5 55 52 46 34 31 28 20 13 7:17 7.86 (1139) 9.00 (1304) 3 None 
6 75 63 57 50 46 43 26 18 5:20 8.32 (1206) 9.06 (1314) 1 None 

The data in Table 11B illustrates that lightweight cement 
compositions formed from cement mixes that comprised a 

zeolite in the base blend of the cement mix for each of 
cement composition Nos. 1 and 2. The zeolite used to form 

base blend Comprising Zeolite (N05~ 2, 3, 5 and 6) P055655 20 the base blend of the cement mix for composition no. 1 had 
Properties Comparame to ?ghtweight Cement Compositions a particle size of about 13.12 micrometers, While the zeolite 
formed from conventiona1c§mem mixes (NO5~ 1 and 111 used to form the base blend of the cement mix for compo 
pamcular: CemenF C01111305111011 NOS~ 2: 3: 5 and 6 ach19ved sition no. 2 had a particle size of about 182.86 micrometers. 

llama“? colgpzesslvg greflgthsfthan FCemem cofnposmoni Cement composition Nos. 3-7 Were each formed from a 

. . . ’ percent Class G cement. Zeolrte 1n the amount listed in Table 
cement composrtron Nos. 2, 3, 5 and 6 achreved far greater 12A Was dry_mixed by hand in a glass jar With each Cement 
compressive strengths in the same time period. In addition, mix as an additive Where “% bWOb” indicates a percentage 
in C.emem Compositi?“ NOS‘ 2’ 3’ 5 .and 6’ the lack of “111mg by Weight of the base blend. Chabazite, Which is commer 
lndlcelws that there IS no segregatpn of the lower denslty 30 cially available from C2C Zeolite Corporation of Calgary, 
material, and the free Water data rndrcates that the amount of Canada Was used as the Zeolite in the Cement mixes for 
supernatant Water that separated from the composition after cement’compositions nos 3_7 
standing for the test period Was less than 3.5 mL per 250 mL. _ ' ' _ _ 

The cement m1x for each of composrtron Nos. 1-7 com 
EXAMPLE 12 prised the base blend for each composition, plus the addi 

35 tives as listed in Table 12A. The cement compositions Were 

Tables 12A and 12B illustrate the effectiveness of prepared by addition of the .Cemem mix Over a 15 Second 
micro?ne zeolites (zeolites With a mean particle size of gg?dxha 1II1.gh?u1d bemg eld 1n (idbéende? at .4900 
about 3 to about 15 micrometers) for forming lightweight H .d' en a O t fceglent 12mg; as da e dto 1. e.mlxmg 
cement compositions having good compressive strength. m .’ a Cover Was p ace on t e en er an mlxmg Was 

Seven cement compositions, each having the density as 40 Commued at about 12900 RPM Tor abqut 35 S°°°§1dS~ Th3 
indicated in Table 12A Were prepared according to API temperature of each mm and mlxmg ?uld Was (24 C‘) 75 
Speci?cation RP 10B, 22'” Edition, 1997, of the American F‘ _ _ _ _ _ 
Petroleum Institute (the entire disclosure of Which is hereby For _Cemem Composmon n05~ 1 and 2: the mlxlng 1:1111d 
incorporated as if reproduced in its entirety). Compnsed Water and a_ defoamlng agent QQnlpnslng 
Cement composition Nos. 1 and 2 Were prepared from a 45 PO1YPrOPy1ene g1YCO1>_ pamcl?at? hydrophoblc 5111C?‘ and _a 

Cement mix Comprising a base blend Comprised Of Class C lrqurd drluent, which 15 commercrally available from Halli 
cement and zeolite in the amounts (as Weight percents) 131111911 Energy SerV1Ce5,D11I1CaI1, oklaunderthetradelgme 
reported in Table 12A The Cement and Zeolite Were dry- D-arr 3000L. The Water used to form cement composrtron 
mixed by hand in a glass jar, and then sodium sulfate and n05~ 1 and 2 15 reported 111 Tame 12A as a P9166111 by Welght 
sodium carbonate Were dry-mixed into the base blend as of the base b1e_nd (% bWOb) Of each Cement mlX, and 1116 
additives in the amounts as listed in Table 12A, Where % 50 9111911111 01 D'alr 3000L 15 reported as L/Sk (gal/5k), Whlch 
bWOb indicates a percentage by Weight of the base blend rndrcates liters (or gallons) per sack of cement composrtron. 
Clinoptilolite, Which is commercially available from C2C For cement composition nos. 3-7, the mixing ?uid com 
Zeolite Corporation of Calgary, Canada, Was used as the prised Water in the % bWob as listed in Table 12A. 

TABLE 12A 

No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 

Base Blend 

of Cement Mix 

Class C cement 60.0 60.0 0 0 0 0 0 

(Wt. %) 
Class G cement 0 0 100 100 100 100 100 

(Wt. %) 
Clinoptilolite 40.0 40.0 
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TABLE 12A-continued 

No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 

(Zeolite) 13.12 pm 182.86 pm 0 0 0 0 0 
(Wt. %) pa1ticle size pa1ticle size 
Cement Mix 
Additives 

Chabazite 10 10 10 10 10 
(Zeolite) 0 0 3.75 pm 5.17 pm 12.62 pm 126.30 pm 2675.0 pm 
% bWob pa1ticle size pa1ticle size particle size particle size pa1ticle size 
Sodium sulfate 6.9 6.9 0 0 0 0 0 
% bWob 
Sodium 0.1 0.1 0 0 0 0 0 
carbonate 
% bWob 
Mixing Fluid 

D-air 3000 L 0.329 L/sk 0.329 L/sk 0 0 0 0 0 
0.037 gal/sk 0.037 gal/sk 

Water % bWob 134.99 134.99 113.02 113.02 113.02 113.02 113.02 
Prope1ties 

Density 1400 kg/m3 1400 kg/m3 1500 kg/m3 1500 kg/m3 1500 kg/m3 1500 kg/m3 1500 kg/m3 
(11.68 lb/gal) (11.68 lb/gal) (12.5 lb/gal) (12.5 lb/gal) (12.5 lb/gal) (12.5 lb/gal) (12.5 lb/gal) 

Yield 1.73 1113/1 1.73 1113/1 1.48 1113/1 1.48 1113/1 1.48 1113/1 1.48 1113/1 1.48 1113/1 
(2.61 1t3/sk) (2.61 1t3/sk) (2.24 ft3/sk) (2.24 ft3/sk) (2.24 ft3/sk) (2.24 ft3/sk) (2.24 1t3/sk) 

Compressive strength data for each cement composition 
and free ?uid data of a suspension of the particular zeolite 
used in each cement composition tested are indicated in 
Table 12B. The compressive strength data Was determined 
by Non-Destructive Sonic Testing as set forth in API Speci 

30 

inside the cylinder Was measured. The percent of free ?uid 
Was calculated by multiplying the mL of free ?uid gathered 
by 100, and then dividing the product by 250 mL. The 
amount of free ?uid formed provides an indication of 
settling, Where a zero percent value indicates no settling. 

TABLE 12B 

Free ?uid development 
(% of free ?uid formed on an 

Comp. aqueous suspension of the pa1ticular 
Cement Strength zeolite used in each of Cement Comp. Nos. 147) 

Comp. Test Temp. Compressive Strength MPa psi 10 30 1 2 18 24 48 96 

No. ° C. (O F.) 12 hr 24 hr 48 hr 96 hr min min Hr Hr Hr Hr Hr Hr 

1 30 (86) 1.52 2.91 4.69 i 0 0 2 2 15 16 23 30 

(220) (422) (680) 
2 30 (86) 1.36 2.46 3.17 i 14 45 70 80 86 86 86 86 

(197) (357) (460) 
3 66 (150) no data no data no data no data 0 0 0 0 0 0 0 0 
4 66 (150) 2.82 4.24 5.24 5.52 0.0 0.0 0.4 0.4 2.0 2.4 4.0 4.8 

(409) (615) (760) (800) 
5 66 (150) 3.17 4.62 6.00 6.90 0.0 0.0 0.4 0.4 2.4 3.2 4.8 5.6 

(460) (669) (870) (1000) 
6 66 (150) 2.37 3.71 4.83 5.52 0.8 14.4 17.6 18.4 18.4 18.4 18.4 19.2 

(344) (538) (700) (800) 
7 66 (150) 0 0 0 not set 11.1 11.1 11.1 11.1 12.2 18.8 18.8 20.0 

(0) (0) (0) 

?cation 10B 2'” Edition, 1997, of the American Petroleum 55 The data in Table 12B illustrates that cement composi 
Institute, the entire disclosure of Which is hereby incorpo 
rated herein by reference. The free ?uid data Was gathered 
to shoW the e?‘ect of ?neness of the zeolite on antisettling. 
A 48% suspension of the particular zeolite used for each of 
cement composition nos. 1-7 Was prepared by mixing 288 g 
of the particular zeolite With 312 g of Water in a blender at 
2000 rpm for 1 minute. 250 mL of each zeolite suspension 
Was poured into its oWn 250 ml graduated glass cylinder and 
then sealed With a plastic ?lm Wrap to prevent evaporation. 
A ninety-six hour test period Was then initiated, during 
Which the graduated cylinders Were left standing. The free 
?uid that had gathered on top of each zeolite suspension 

60 

65 

tions comprising zeolites having a mean particle size of 
equal to or less than about 15 micrometers shoW an 
improved rate of early compressive strength development 
over cement compositions comprising zeolites having a 
mean particle size of equal to or greater than about 100 
micrometers. In addition, Table 12B illustrates that the 
improved rate of early compressive strength exhibited by the 
cement compositions With the ?ner particle size zeolite is 
achievable at a broad range of temperatures. The free ?uid 
data illustrates that zeolite suspensions comprising zeolites 
having a mean particle size of equal to or less than about 15 
micrometers shoW less free ?uid development over time 
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than Zeolite suspensions comprising Zeolites having a mean 
particle siZe of equal to or greater than about 100 microme 
ters. Zeolite suspensions comprising Zeolites having a mean 
particle siZe less than about 5 micrometers have no free ?uid 
development, indicating excellent antisettling properties. 

EXAMPLE 13 

Example 13 illustrates that Zeolites can be used as dis 
persants to reduce the apparent viscosity of cement compo 
sitions. 

TWelve cement compositions Were prepared according to 
API Speci?cation RP 10B, 22'” Edition, 1997, of the Ameri 
can Petroleum Institute (the entire disclosure of Which is 
hereby incorporated as if reproduced in its entirety). 

Composition Nos. 1-9 Were each formed from a cement 
mix comprising a base blend comprised of the components 
in the amounts (as Weight percents) listed in Table 13A. 
Each base blend Was prepared by dry-mixing by hand in a 
glass jar the amounts of the components as listed in Table 

30 
cement composition Was prepared by adding the cement mix 
to mixing ?uid being maintained in a blender at 4000 RPM. 
All of the cement mix Was added to the mixing ?uid over a 
15 second period. A cover Was then placed on the blender 
and mixing Was continued at about 12,000 RPM for about 35 
seconds. The mixing ?uid comprised Water in the amount as 
listed in Table 13A, Where % bWob indicates a percent by 
Weight of the base blend comprising the cement mix. 

Composition Nos. 10-12 Were formed from a cement mix 
comprising a base blend comprising 100 Weight percent of 
the cementitious material listed in Table 13A. Additives in 
the amounts listed in Table 13A, Which are reported as a 
percentage by Weight of the base blend, Were dry-mixed by 
hand in the glass jar With the base blend. The exception to 
the foregoing Was the prehydrated bentonite, Which is 
reported as a percentage by Weight of Water because it Was 
added to the mixing ?uid for the particular cement mix. 
The base blend and the additives comprised the cement 

mix from Which a cement composition Was prepared. The 
cement composition Was prepared by adding the cement mix 

. 20 to mixing ?uid in the manner described above With respect 

13‘; ‘:5 sliolwlzim male 13A’ the cotmpiqnglts selifteg f5; to cement composition Nos. 1-9. The cement mix for each 
621% Gage in V1293 ’ egg" Signer}; on 21115555 t 211.’ ’ of cement composition Nos. 10 and 11 Was mixed With a 
and ’ 1.32215 esdoth ass a? f ’ slhlca 1 e’ y rtaf: Hi1?’ mixing ?uid comprising Water in the amounts reported in 
int. ZeOtI £31’ 2111100 e inifun O iac f tel? “111301161315 fionln' Table 13A, Which are reported as a percentage by Weight of 
11102 0 e Welg percen 0 e ase en a so 25 the base blend of the cement mix. The cement mix for 

Vane '_ _ cement composition No. 12 Was mixed With'a mixing ?uid 

celiggétgeivzfgthhteogyis b21212: (gsfoogetisalsisettegirll compr1(s11ng wagler and prelhydrated benton1te 1n the amounts 
0 reporte in Ta e 13A, W ere t e Water amount is reporte 

Table 13AWere also dry-mixed in the glass jar With the base as a percentage by Weight Of the base blend’ and the 
hlehd- The ?rst eXeePhOh te the feregelhg 15 _the Nacls 30 prehydrated bentonite is reported as apercentage by Weight 
Whleh although dry'hhxed Wlth the base blend; 15 reported of the amount of Water. Prehydrated benton1te 1s benton1te 
as Percentage by welght of Water heeahse 1t ls'hhewh to that is mixed in Water and added to the mixing ?uid as a 
ehieet ftehslty eateutatlohs of the cement eothposltloh Wheh liquid, Where 1% of prehydrated bentonite is equivalent to 
1t 1_5 dtSSOLVed 11111 véatehdrtlhe seeehd e?eellftleh to thedfere' 4-5% dry blended bentonite. Bentonite is a montmorillonite 
golhg 15 t e Pre y rate ehtohlte, W 10 15 reporte as a clay commercially available from Halliburton Energy Ser 
percentage by Weight of 'Water because it Was added to the 35 Vices, Duncan, Okla 
hhxlhg huld for the Partleular hese h1ehd~ ' The temperatures of~the cement mix and the mixing ?uid 

The base blend and the add1t1ves comprised the cement for all of the compos1t1ons l1sted 1n Table 13A Were 240 C. 
mix from Which a cement composition Was prepared. The (75° F). 

TABLE 13A 

No. No. No. No. No. No. No. No. No. No. No. No. 
1 2 3 4 5 6 7 8 9 10 11 12 

Base Blend 

Class A Cement (Wt. %) 56 56 0 0 0 0 0 0 0 0 0 0 
Class C cement (Wt. %) 0 0 0 0 0 0 0 0 0 100 100 0 
Class H cement (Wt. %) 0 0 70 70 0 0 0 0 0 0 0 0 
Class G cement (Wt. %) 0 0 0 0 67 56 70 26 88 0 0 100 
Class F Fly Ash (Wt. %) 22 22 12.7 12.7 0 22 30 61 12 0 0 0 
Class C Fly Ash (Wt. %) 0 0 4.6 4.6 0 0 0 0 0 0 0 0 
Silicalite (Wt. %) 22 0 12.7 0 0 22 0 0 0 0 0 0 
Zeolite (Wt. %) 0 22 0 12.7 33 0 0 0 0 0 0 0 
Hydrated Lime (Wt. %) 0 0 0 0 0 0 0 13 0 0 0 0 

100 100 100 100 100 100 100 100 100 100 100 100 
Additives 

Silicalite % bWob 0 0 0 0 0 0 0 0 0 6 0 0 
Zeolite % bWob 0 0 0 0 0 0 0 0 0 0 6 0 
Microsand % bWob 18 18 0 0 0 0 0 0 0 0 0 0 
HR-12% bWob 0.9 0.9 0 0 0 0 0 0 0 0 0 0 

Bentonite % bWob 10 10 0 0 0 0 6 4 8 6 6 0 
Halad—344% bWob 0 0 0 0 0 0 0 0 0 0.3 0.3 0 
FWCA % bWob 0 0 0 0 0 0 0 0 0 0.4 0.4 0 

LAP-1% bWob 0 0 0.5 0.5 0 0 0 0 0 0 0 0 
HR-7% bWob 0 0 0.3 0.3 0 0 0 0 0 0 0 0 

NaCl (% WW) 0 0 3.67 3.67 0 0 0 0 0 0 0 0 
Gilsonite % bWob 0 0 5.75 5.75 0 0 0 0 0 0 0 0 
Flocele % bWob 0 0 0.29 0.29 0 0 0 0 0 0 0 0 
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TABLE 13A-continued 

No. No. No. No. No. No. No. No. No. No. No. No. 
1 2 3 4 5 6 7 8 9 10 11 12 

CPR-3% bWob 0 0 0.3 0 0 0 0 0 0 0 0 0 
Prehydrated 0 0 0 0 0 0 0 0 0 0 0 3 
Bentonite (% WW) 
Water (% bWob) 139.7 138.1 75.1 75.1 95.2 94.1 102.6 87.9 109.2 115.4 175.1 108.5 

The Zeolite used as either a component of the base blend 
of a cement mix, or as an additive to a cement mix Was 

chabaZite, Which is commercially available from C2C Zeo 
lite Corporation of Calgary, Canada. 

The viscosity (dial reading) of the cement compositions 
Was measured using a Fann Model 35 viscometer, and 
reported in the Rheology Results in Table 13B. The viscosity 
Was taken as the measurement of the dial reading on the 

_ Class ?y ash is a lightweight additive that is Commer- t5 Fann Model 35 at the different rotational speeds as indicated 
01211118 evaltabte from Hathhurton Energy servlcesas POZmlX in 600 to 3 RPM, and at the temperature as indicated in Table 

slhcahte_ls a hghtwelght addltlve compnslnghlmed 13B. For example, the Fann Viscometer is rotated at 300 
511162" and ts commerc1ally, avallable from Halhburton RPM (revolutions per minute) for 60 seconds and a value on 
Enetgy Sen/Ices‘ Mlcrpsand IS the brat“? name for a .?ne the dial is read, the speed is then changed to 200 RPM and 
part1cle s1Ze high-purity crystalline s1l1ca commerc1ally 20 th 1 h d- 1 d- k Th b 
available from Halliburton Energy Services. HR-12 is a eneW v.21 ue Ont e la rea mg ta en‘ ere are a.nu.m er 

- - - - - of theoret1cal models knoWn to those of ordinary skill 1n the 
retarder compr1s1ng a l1gnosulfonate/orgamc ac1d blend, and . 
is commercially available from Halliburton Energy Ser- an that can be .used to comiert the Yalues from the. dlal 
vices. FWCA is a free Water control additive comprising readmgs. at the dlfferem RPM S Into vlscoslty tcentlpolsesy 
cellulose, and is commercially available from Halliburton 25 lnladdltlc?l’ dl?erent vlsgometer models use dl?erent. RPM 
Energy Services. HR-7 is a retarder comprising a lignosul- Va hes’ t us’ In some Instances’ a measurement Is not 
fonate, and is commercially available from Halliburton avallable at a pamcular RPM Yalue' _ 
Energy Services. Gilsonite is a loss circulation agent com- The Theology data Wes ehtathed geherahy aeeerdlhg t0 
prising a naturally occurring bitumen and is commercially the Procedures seit fetth 1h Seetleh 12 of the _API Speel?ea' 
available from Halliburton Energy Services. Flocele is a loss 30 t1Oh_RP 1013, 22n_ Edltloh, 1997, Ofthe Alhel‘leah Petroleum 
circulation agent comprising cellophane, and is commer- Ihstltute _(the ehtlre dlsetesure 0t Whleh 1s hereby lheerpe' 
cially available from Halliburton Energy Services. CPR-3 is rated as If reproduced In Its ehtlrety)~ The ateremehtlehed 
the tradename for a condensation product of formaldehyde, API Preeedures Were medl?ed In that the 1h_1t1a1 readlng at 
acetone and a sul?te, Which is commercially available as a 300 RPM Was takeh after 60 seeehds of eehtlhueus retatleh 
dispersant from Halliburton Energy Services at that speed. Dial readings at 200, 100, 60, 30, 6 and 3 Were 

Compressive Strength and rheology data Were determined 35 then recorded‘ in descending order at 20-second intervals. 
for each composition. Compressive strength Was tested The hhat readlng at 600 RPM was taken after 60 seconds of 
according to Non-Destructive Sonic Testing as set forth in eehtlhueus retatleh at that sPeed~ 
APl Speci?cation 10B 22'” Edition, 1997, of the American The results of the compressive strength (Compress. 
Petroleum Institute, the entire disclosure of Which is incor- Strength) and rheology testing are reported beloW in Table 
porated herein by reference. 13B. 

TABLE 13B 

Compress. 
Strength 

Dial Compress. Measurement 
Density readings Dial Readings Strength MPa psi 

kgrn3 Test Temp 600 300 200 100 60 30 6 3 Test Temp 12 24 
No. (lb/gal) ° C. (° F.) RPM RPM RPM RPM RPM RPM RPM RPM ° C. (° F.) Hr Hr 

1 1440 82 30 26 22 21 20 19 18 121 3.08 3.30 

(12.0) (180) (250) (446) (479) 
2 1440 82 20 15 14 12 11 10 9 9 121 2.82 2.98 

(12.0) (180) (250) (408) (432) 
3 1584 60 39 33 27 24 21 19 18 82 0.08 0.11 

(13.2) (140) (180) (12) (17) 
4 1584 60 36 30 26 23 20 16 15 82 0.15 0.19 

(13.2) (140) (180) (21) (27) 
5 1500 49 40 30 27 25 23 20 19 18 66 7.16 9.11 

(12.5) (120) (150) (1037) (1320) 
6 1500 49 60 50 44 40 37 33 29 22 66 9.27 10.76 

(12.5) (120) (150) (1344) (1559) 
7 1500 49 59 50 48 47 46 45 35 22 66 1.725 4.42 

(12.5) (120) (150) (250) (640) 
8 1500 49 102 94 90 84 80 70 33 23 66 1.27 4.80 

(12.5) (120) (150) (184) (695) 
9 1500 49 89 77 75 71 70 69 34 26 66 2.17 3.14 

(12.5) (120) (315) (455) 
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TABLE 13B-continued 

Compress. 
Strength 

Dial Compress. Measurement 
Density readings Dial Readings Strength MPa psi 

kg/m3 Test Temp 600 300 200 100 60 30 6 3 Test Temp 12 24 
No. (lb/gal) ° C. (° F.) RPM RPM RPM RPM RPM RPM RPM RPM ° C. (° F.) Hr Hr 

10 1500 88 i 50 34 20 15 11 8 6 77 0.97 1.35 

(12.5) (190) (170) (140) (195) 
11 1500 88 i 42 28 18 13 9 6 5 77 0.72 1.15 

(12.5) (190) (170) (105) (167) 
12 1500 49 98 82 78 73 70 68 38 27 66 1.70 2.70 

(12.5) (120) (150) (246) (391) 

The rheology data in Table 13B illustrates that Zeolites bWob) of each cement mix. For composition no. 8, the 
can be used as dispersants to reduce the apparent viscosity mixing ?uid further comprised HR-6L in an amount of 0.07 
of cement compositions. Those compositions comprising gal/sk. HR-6L is an aqueous solution of lignosulfonate, 
Zeolite have loWer apparent viscosity values and retain good 20 Which is commercially available as a retarder from Halli 
compressive strength. burton Energy Services. 

Prior to mixing of the cement mix With the mixing ?uid, 
EXAMPLE 14 the mixing ?uid Was held in a blender set to operate at 4000 

RPM, and the amount of the 48% aqueous Zeolite suspen 
Table 14 illustrates another embodiment for the use of 25 sion as reported in Table 14A Was added over a period of 5 

Zeolite to prepare cement compositions. According to this seconds. The amount of the 48% aqueous Zeolite suspension 
embodiment, Zeolite in an aqueous form is used to make is reported in cubic meters per ton (m3/t) and the equivalent 
cement compositions, Where the aqueous Zeolite imparts gallon per sack (gal/sk) value. After addition of the aqueous 
bene?ts to the cement compositions similar to those Zeolite suspension to the mixing ?uid, the blender speed Was 
imparted by dry-mixed Zeolites. 30 maintained at 4000 RPM for a further 5 seconds before the 

First, a base aqueous Zeolite suspension comprising 48 cement mix WaS added. The blender speed WaS maintained 
Weight percent Zeolite Was prepared by adding 72 kg of at 4000 RPM until all Of the cement mix WaS added t0 the 
Zeolite to 7.8 kg of Water in a 5 gallon bucket, and stirring blender, Which Was oVer about a 15 Second Period The 
With a variable speed Premier Mill Corp. laboratory dis- blender Was then Covered, and the blender speed Was 
persator mixer at loW speed until a homogenous suspension increased to 12,000 RPM for about 35 seconds 
Was obtained. This homogenous suspension served as a bulk Alternatively, the mixing ?uid is maintained alone in the 
sample, and Was subsequently used to prepare the cement Waring blender prior to addition of the cement mix. Accord 
compositions listed in Tables 14A and 14D. To preserve the ing to this alternative, all of the cement mix is added to the 
bulk sample, the bucket Was sealed and then prior to use, mixing ?uid in the Waring blender over a 15 second period, 
Was hand shaken to make sure the suspension Was homog- at 4000 RPM of the blender. The blender is then covered, 
enous. The Zeolite used to form the bulk sample Was BZM 40 and the blender speed increased to 12,000 RPM for about 35 
ZeoFume, Which is a microniZed natural Zeolite mineral seconds. The blenderis then sloWed to about 4000 RPM, and 
comprised primarily of chabaZite, is mined at the BoWie the amount of the 48% aqueous Zeolite suspension is added. 
deposit in AriZona, and is commercially available from C2C The blender speed is maintained at about 4000 RPM until a 
Corporation. homogenous mix is achieved. 

Each cement composition Was prepared according to the 45 The Column labeled “Zeolite Equivalent % dry basis” 
Proeedures set forth in API speci?cation RPlOB, 22nd illustrates the amount of dry Zeolite that is equivalent to the 
edition, 1997, ofthe American Petroleum Institute, the entire amount of Zeolite in the composition, added as an aqueous 
disclosure of Which is incorporated herein by reference. zeolite Suspension, 
Generally hoWever, each cement composition Was formed 
from a cement mix comprising a base blend comprising 100 50 TABLE 14A 
Weight percent Class G cement. The cement mixes for 
compositions 3, 5 and 7 further comprised Zeolite as an 48% Aq. Zeolite 
additive, Which Was dry-mixed by hand With the Class G I Dry Ze3°lite Equivalent 
cement in the amount reported in Table 14A. The amount of NO 18315;}? kg/m (565x21 Ema/138k) og’agirsy yagfvrob 
Zeolite as an additive is reported in % bWob, Which indicates 55 ' g 0 g 0 

a percentage by Weight of the base blend, namely the 100% 1 1620 (13.5) 0 0.494 (5.55) 32 59.5 
of Class G cement. The Zeolite dry-mixed into the cement 2 1620 (13-5) 0 0-762 (3-56) 50 43-3 

mixes for compositions 3, 5 and 7 Was the BZM ZeoFume i 1258 58 (1)016 (1142) 23 12515-3 
descnbed above‘, _ _ 5 1620 (13.5) 67 0 67 113.7 

The cement mixes for each of composition nos. 10 and 11 6 1440 (120) 0 0762 (856) 50 1116 
further comprised hydrated lime, Which Was dry-mixed With 60 7 1440 (12.0) 50 0 50 166.7 
the base blend in an amount of 5% by Weight of the base 8 1620 (13-5) 0 0-762 (3-56) 50 43-4“ 
blend. The Class G cement, and the Zeolite or hydrated lime 9 1620 (135) 0 0-762 (8-56) 50 524* 
comprised the cement mix from Which each cement com- 10 1440 (12'0) 0 0'762 (8'56) 50 112'6 

. . . . 11 1440 (12.0) 0 1.016 (11.42) 67 113.0 
pos1t1on Was prepared. The cement compos1t1ons Were pre 
pared by mixing each cement mix With a mixing ?uid 65 *smwam 
comprising Water in the amount listed in Table 14A, Which 
is reported as a percentage by Weight of the base blend (% 

**With 0.07 gal/sk HR-6L brand commercial retarder as discussed above. 


























